Data on Quantitative Microbial Elemental Cycling (QMEC) primer design and validation by Zheng, Bang-Xiao & Ding, Kai
Data in brief 23 (2019) 103820Contents lists available at ScienceDirect
Data in brief
journal homepage: www.elsevier .com/locate/dibData ArticleData on Quantitative Microbial Elemental
Cycling (QMEC) primer design and validation
Bang-Xiao Zheng a, b, Kai Ding a, *
a Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of
Sciences, Xiamen 361021, PR China
b Faculty of Biological and Environmental Sciences, Ecosystems and Environment Research Programme,
University of Helsinki, Niemenkatu 73, Lahti 15140, Finlanda r t i c l e i n f o
Article history:
Received 26 December 2018
Received in revised form 20 February 2019
Accepted 4 March 2019
Available online 12 March 2019Speciﬁcations table
Subject area Biology
More speciﬁc subject area Molecular Ecology
Type of data Tables and ﬁgures
How data was acquired Illumina sequenci
Data format Raw reads and an
Experimental factors Soil and sediment
Experimental features New primer desig
Data source location Hailun, Heilongjia
Qiangtang River, H
* Corresponding author.
E-mail address: kding@iue.ac.cn (K. Ding).
https://doi.org/10.1016/j.dib.2019.103820
2352-3409/© 2019 Published by Elsevier Inc. T
creativecommons.org/licenses/by-nc-nd/4.0/).a b s t r a c t
This work included the primer design details of Quantitative Mi-
crobial Elemental Cycling (QMEC) method, a high-throughput
qPCR method for microbial carbon (C), nitrogen (N), phosphorus
(P), sulfur (S) and methane metabolism potential detection and
assessment. We designed 36 novel primers based on their amino
acid sequences. Via illumina sequencing technology, their phylo-
genetic taxonomy was identiﬁed and analyzed to validate the
primer speciﬁcity.
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Value of the Data
 Multiple useful primers (designed or cited) were merged into one detection method will provide a convenient way for
researchers to conduct a comprehensive investigation of microbial functional gene abundance regarding C, N, P and S
cycling.
 The data describes the details of primer designs, which would be supportive for other researchers to make repetitive
veriﬁcation.
 The data retrieved from high-throughput qPCR could be used in comparison with other related methodologies.
 The data from soil and sediment could be used to make comparison with reported studies.
Data accessibility All obtained sequences were submitted to the National Center for Biotechnology Information
Sequence Read Archive (SRA) with the accession numbers SRP107153 (https://www.ncbi.nlm.
nih.gov/bioproject/PRJNA386825/) and SRP107154 (https://www.ncbi.nlm.nih.gov/
bioproject/PRJNA386826/).
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S biogeochemical cycling. Sci China Life Sci 61, http://doi.org/10.1007/s11427-018-9364-7.
2. Yong-Guan Zhu, Bang-Xiao Zheng, Jian-Qiang Su, Hu Li, Huai-Ying Yao. High-throughput
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functional genes. Chinese Patent: CN201610537546.
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The data included 36 primer design and validation by illumina sequencing and qPCR detection.
Fig. 1 gave a heatmapping species-summary based on sequencing results of 36 designed primers which
was aligned with RefSeq database. Two samples, soil and sediment, were given in Fig. 1a and b,Fig. 1. The species coverage percentage in phylum or class level based on the sequencing results of 36 designed primers from soil (a)
and sediment samples (b).
Table 1
Diversity indices for the functional genes using the designed primer pairs summarized at phylum level.
Soil Sediment
Shannon Simpson Inverse
Simpson
Species
number
Evenness Shannon Simpson Inverse
Simpson
Species
number
Evenness
abfA 1.598 0.746 3.944 14 0.606 1.797 0.774 4.419 13 0.700
accA 1.368 0.619 2.628 23 0.436 1.697 0.699 3.327 30 0.499
acsA 1.519 0.671 3.036 23 0.484 2.127 0.820 5.566 26 0.653
amyA 0.140 0.040 1.042 17 0.050 2.083 0.836 6.091 20 0.695
acsE 2.237 0.867 7.536 24 0.704 1.706 0.653 2.882 23 0.544
amyX 0.363 0.208 1.263 2 0.524 1.181 0.636 2.745 8 0.568
Apu 1.604 0.614 2.588 17 0.566 2.455 0.886 8.755 22 0.794
cdaR 1.858 0.756 4.094 22 0.601 0.483 0.199 1.249 6 0.270
Cdh 1.339 0.567 2.309 17 0.473 1.858 0.756 4.094 22 0.601
Cex 0.355 0.116 1.131 14 0.134 1.339 0.567 2.309 17 0.473
chiA 2.033 0.816 5.436 26 0.624 1.389 0.689 3.211 16 0.501
exo-chi 2.036 0.835 6.052 15 0.752 1.533 0.699 3.325 16 0.553
frdA 1.137 0.606 2.538 6 0.635 1.410 0.728 3.674 15 0.521
Gcd 0.889 0.354 1.548 18 0.308 2.479 0.901 10.052 28 0.744
gdhA 1.244 0.542 2.186 17 0.439 2.209 0.853 6.817 24 0.695
Glx 1.302 0.628 2.689 16 0.470 1.461 0.664 2.977 13 0.570
Ipu 1.223 0.480 1.922 15 0.452 1.842 0.781 4.563 20 0.615
korA 2.240 0.846 6.512 19 0.761 0.689 0.362 1.569 11 0.287
Lig 1.454 0.695 3.275 9 0.662 1.859 0.788 4.715 16 0.670
manB 0.959 0.366 1.578 19 0.326 2.404 0.879 8.267 19 0.816
Mct 1.842 0.762 4.195 19 0.626 2.354 0.872 7.829 25 0.731
mmoX 0.586 0.237 1.311 18 0.203 1.675 0.675 3.079 19 0.569
Mnp 2.090 0.814 5.372 23 0.666 1.832 0.728 3.683 31 0.533
Naglu 1.431 0.590 2.437 22 0.463 1.792 0.780 4.546 13 0.699
pccA 1.250 0.490 1.959 18 0.433 1.302 0.663 2.964 14 0.494
Pgu 2.209 0.863 7.297 23 0.705 1.964 0.801 5.030 21 0.645
phnK 1.249 0.494 1.977 18 0.432 1.339 0.670 3.031 14 0.507
pqq-
mdh
1.151 0.611 2.568 12 0.463 1.264 0.657 2.917 17 0.446
Pox 2.126 0.822 5.608 20 0.710 1.770 0.720 3.568 17 0.625
Ppk 1.765 0.708 3.430 21 0.580 1.649 0.717 3.529 16 0.595
Ppx 1.429 0.636 2.747 19 0.485 0.562 0.234 1.306 14 0.213
Sga 1.546 0.695 3.281 16 0.557 1.140 0.474 1.899 19 0.387
smtA 1.383 0.520 2.083 21 0.454 1.836 0.779 4.534 21 0.603
soxY 1.458 0.581 2.389 20 0.487 0.803 0.287 1.403 19 0.273
xylA 1.629 0.713 3.487 21 0.535 1.736 0.661 2.948 30 0.510
yedZ 0.972 0.402 1.671 15 0.359 1.492 0.717 3.532 14 0.566
B.-X. Zheng, K. Ding / Data in brief 23 (2019) 103820 3respectively. Table 1 shows the biodiversity analysis based on taxonomic assignments of designed
primers from soil or sediment samples. The raw reads of illumina sequencing based on soil and
sediment samples could be respectively obtained from NCBI with accession numbers SRP107153
(https://www.ncbi.nlm.nih.gov/bioproject/PRJNA386825/)and SRP107154 (https://www.ncbi.nlm.nih.
gov/bioproject/PRJNA386826/).
2. Experimental design, materials, and methods
In QMEC method, we have designed 36 primer pairs potentially amplifying C, N, P and S cycling
genes [1]. Some of which are modiﬁed from previous reports, based on the conserved regions of amino
acid sequences alignments. Among them, 9 primers were speciﬁc (acsA, korA, lig, mmoX, phnK, pqq-
mdh, ppx, soxY and yedZ) and other 27 primers were degenerated (abfA, accA, acsE, amyA, amyX, apu,
cdaR, cdh, cex, chiA, exo-chi, frdA, gcd,gdhA, glx, ipu,manB,mct,mnp, naglu, pccA, pgu, pox, ppk, sga, smtA
and xylA). All the primers were designed based on their amino acid sequence alignment by ClustalW2
[2]. The potential dimers and hairpins were screened and excluded by Primer Primier version 5.0 [3].
Each primer was limited within 20e24 bp length and 50e65 GC%. The QMEC will conduct a uniﬁed
B.-X. Zheng, K. Ding / Data in brief 23 (2019) 1038204ampliﬁcation procedure, the annealing temperature of each gene should be close. The gene product
was restricted between 200 and 500 bp length. The corresponding region of each designed primer was
labelled in aligned protein sequences and it could be found in Supplementary Material 1 (Figures
SM1-36).
We used samples originated from soil and sediment to validate the speciﬁcity of primers. The
sample information and DNA sequencing method could be found in our previous paper [1]. Brieﬂy,
the samples were DNA-extracted and PCR-ampliﬁed. All 36 pairs successfully generated amplicons
with the expected sizes from the genomic DNA of the environmental samples. These amplicons were
then puriﬁed and high-throughput sequenced. The returned raw reads were ﬁltered, processed and
analyzed using QIIME program [4]. Operational taxonomic units (OTUs) were clustered by UCLUST at
a 3% dissimilarity cutoff [5]. The representative sequences were retrieved and classiﬁed using RDP
classiﬁer [6].The ﬁltered sequences were searched against the RefSeq database (ftp://ftp.ncbi.nlm.
nih.gov/refseq/release) using Local BLAST 2.2.27 þ (ftp://ftp.ncbi.nlm.nih.gov/blast/executables/
blastþ/2.2.27/) with 105 e value. The result with highest score was accepted only. A summary of
the alignment results, including matched count and percentage, are listed in Supplementary
Material 2. The taxonomic afﬁliation of these genes differed signiﬁcantly between the soil and
sediment samples at the phylum level. The species coverage of 36 primer pairs is visualized in
Fig. 1, which shows Acidobacteria, Actinobactera, Alphaproteobacteria and Gammaproteobacteria
were dominate speices in both soil and sediment samples. Taxonomic diversity based on the
Shannon, Simposon's index, which were commonly used in mathematical measure of species
diversity in a community [7], were listed in Table 1.
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